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© A magnetic drive device comprising a rotor dis- 
posed inside a cylindrical wall so as to be rotatabfe 
and axially movable, a fixed magnetic bearing fixedly 
provided on the cylindrical wall for holding the rotor 
radially thereof, a magnetic coupling having a drive 
portion disposed around the cylindrical wall so as to 
be rotatable and axially movable for transmitting a 
torque and an axial holding force to the rotor, and a 
movable magnetic bearing disposed around the cy- 
lindrical wall so as to be axially movable with the 
drive portion of the magnetic coupling for holding the 
rotor radially thereof. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic 
drive device for driving a rotor in rotation and also 
axially thereof magnetically out of contact with the 
rotor from outside a cylindrical wall, such as a 
vacuum shield, having the rotor disposed therein, 
for example, to such a magnetic drive device for 
use in semiconductor production apparatus for han- 
dling wafers in a vacuum. 

Magnetic drive devices are known which are 
adapted to drive a rotor as held out of contact 
therewith by a cylindrical wall and which comprise 
two movable housings provided outside the cylin- 
drical wall axially movably, a magnetic bearing 
disposed in one of the housings for holding the 
rotor radially and axially thereof, and a magnetic 
coupling having a drive portion provided in the 
other housing for transmitting a torque to the rotor. 

With the magnetic drive device, the rotor is 
rotated by rotating the drive portion of the- magnetic 
coupling and is moved axially by axially moving the 
housings owing to the axial holding force of the 
magnetic bearing. 

However, the following problem is encountered 
when the magnetic drive device described is used 
for driving the rotor disposed inside the cylindrical 
wall. 

The magnetic bearing generally has a small air 
gap and is made movable along the cylindrical 
wall, which must therefore be reduced in wall thick- 
ness and machined with high accuracy, whereas 
since the above drive device has two housings 
which are movable along the cylindrical wall, the 
wall needs to have an increased length. Accord- 
ingly, extreme difficulties are encounted in making 
such a cylindrical wall with a reduced wall thick- 
ness and high accuracy by machining. 

For this reason, the magnetic bearing to be 
used actually has a large air gap, whereas this 
reduces the holding force of the bearing especially 
in the axial direction, consequently necessitating an 
increased control current and therefore a magnetic 
bearing of larger size to obtain a sufficient axial 
holding force. 

We have already proposed a magnetic drive 
device which comprises a rotor disposed inside a 
cylindrical wall so as to be rotatable and axially 
movable, two magnetic bearings fixedly provided 
on the cylindrical wall toward one end thereof for 
radially holding the rotor at two portions spaced 
apart axially thereof, and a magnetic coupling hav- 
ing a drive portion disposed around the cylindrical 
wall toward the other end thereof so as to be 
rotatable and axially movable for transmitting a 
torque and an axial holding force to the rotor (see 
Japanese Patent Application HEI 3-30913). 

With the proposed magnetic drive device, how^ 



ever, the two magnetic bearings for holding the 
rotor radially thereof are arranged toward one end 
of the cylindrical wall and axially spaced apart by a 
small distance. This entails the problem that the 
5 rotor is dynamically in poor balance and is liable to 
incline to adversely affect the control of the mag- 
netic bearings. 

SUMMARY OF THE INVENTION 

w 

The main object of the present invention is to 
provide a magnetic drive device which is small- 
sized, nevertheless affords an increased torque and 
is adapted to hold the rotor in good balance. 

is The present invention provides a magnetic 

drive device which comprises a rotor disposed 
inside a cylindrical wall so as to be rotatable and 
axially movable, a fixed magnetic bearing fixedly 
provided on the cylindrical wall for holding the rotor 

20 radially thereof, a magnetic coupling having a drive 
portion disposed around the cylindrical wall so as 
to be rotatable and axially movable for transmitting 
a torque and an axial holding force to the rotor, and 
a movable magnetic bearing disposed around the 

25 cylindrical wall so as to be axially movable with the 
drive portion of the magnetic coupling for holding 
the rotor radially thereof. 

Because the fixed magnetic bearing is fixedly 
provided on the cylindrical wall, the air gap be- 

30 tween the rotor and the fixed magnetic bearing can 
be diminished. Further because the magnetic cou- 
pling drive portion and the movable magnetic bear- 
ing only need to be made movable along the 
cylindrical wall, the portion of the wall along which 

35 these components move can be shorter. This 
makes it relatively easy to prepare the cylindrical 
wall with a reduced thickness and with high ac- 
curacty. Thus, the air gap between the fixed mag- 
netic bearing and the rotor can be diminished, and 

40 the portion of the cylindrical wall for the movable 
magnetic bearing to move along can be made 
thinner, so that both the fixed magnetic bearing 
and the movable magnetic bearing can be com- 
pacted, and yet a sufficient holding force is avail- 

45 able. When the cylindrical wall portion for the mov- 
able bearing to move along can be reduced in 
thickness, the magnetic coupling need not have a 
large size since the drive portion of the magnetic 
coupling moves around the thin wall portion. Fur- 

50 thermore, the movable magnetic bearing, which 
axially moves with the magnetic coupling, can be 
spaced apart from the fixed magnetic bearing by a 
larger distance. The bearings therefore hold the 
rotor dynamically in improved balance and render 

55 the rotor less likely to incline to obviate the adverse 
influence to be otherwise produced on the control 
of the magnetic bearings. This reduces the burdon 
on these bearings. 
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According to an aspect of the invention, the 
drive portion of the magnetic coupling and a pe- 
ripheral surface of the rotor opposed thereto with 
the cylindrical wall positioned therebetween are 
provided with a plurality of permanent magnet de- 
vices each comprising opposed permanent mag- 
nets, the permanent magnets of each permanent 
magnet device being so arranged as to form in the 
permanent magnet device a closed magnetic path 
spreading out radially and axially of the rotor. 

This arrangement makes it possible to transmit 
to the rotor an axial holding force in addition to the 
torque. 

The permanent magnets of each permanent 
magnet device may be so arranged as to form in 
the permanent magnet device a closed magnetic 
path spreading out radially, axially and circum- 
ferentially of the rotor. 

The torque and the axial holding force can then 
be further increased. 

According to another aspect of the invention, 
the rotor is an outer rotor in the form of a cylinder, 
and the magnetic coupling is a first magnetic cou- 
pling, an inner rotor being inserted in the outer 
rotor so as to project at least at an end portion 
thereof beyond an end of the outer rotor and sup- 
ported rotatably relative to the outer rotor, a second 
magnetic coupling having a drive portion disposed 
around the cylindrical wall so as to be axially 
movable with the first magnetic coupling drive por- 
tion and the movable magnetic bearing and to be 
rotatable, the second magnetic coupling drive por- 
tion being operable to transmit a torque and an 
axial holding force to the portion of the inner rotor 
projecting beyond the end of the outer rotor. 

The outer rotor and the inner rotor, which are 
arranged inside the cylindrical wall, can then be 
axially moved together and rotated independently 
of each other by the fixed magnetic bearing, the 
movable magnetic bearing and the first and second 
magnetic couplings which are arranged outside the 
cylindrical wall and held out of contact with the 
outer and inner rotors. 

The invention further provides a magnetic drive 
device which comprises a rotatable member dis- 
posed inside a cylindrical wall so as to be rotatable 
and axially movable, a fixed magnetic bearing 
fixedly provided on the cylindrical wall for holding 
the rotatable member radially thereof, a motor sta- 
tor disposed around the cylindrical wall so as to be 
axially movable for directly driving a motor rotor 
formed on the rotatable member, and a movable 
magnetic bearing disposed around the cylindrical 
wall so as to be axially movable with the motor 
stator for holding the rotatable member radially and 
axially thereof. 

With the fixed magnetic bearing fixedly pro- 
vided on the cylindrical wall, the motor stator and 



the movable magnetic bearing only are movable 
along the cylindrical wall, so that the device has 
the same advantage as above. Moreover, since the 
motor rotor formed on the rotatable member is 

5 directly driven by the motor stator disposed 
therearound, the rotatable member can be posi- 
tioned accurately and held at rest with high accu- 
racy, with vibration inhibited while the rotatable 
member is at rest. With the motor stator disposed 

w around the rotatable member, the arrangement in- 
cluding these components can be provided in a 
reduced size by a decreased number of parts. Use 
of the decreased number of parts makes it possible 
to assemble the device with improved efficiency 

is and to give an improved quality to the device. 

The movable magnetic bearing and the rotat- 
able member may be toothed at portions thereof 
opposed to each other for producing an axial hold- 
ing force. 

20 The device may be provided with a magnetic 

coupling having a drive portion for transmitting an 
axial holding force to the rotatable member, the 
drive portion being disposed around the cylindrical 
wall so as to be axially movable with the motor 

25 stator and the movable magnetic bearing. 

According to another aspect of the invention, 
the rotatable member is an outer rotor in the form 
of a cylinder, the motor rotor being a first motor 
rotor, the motor stator being a first motor stator, an 

30 inner rotor being inserted in the outer rotor so as to 
project at least at an end portion thereof beyond an 
end of the outer rotor and supported rotatably 
relative to the outer rotor, the portion of the inner 
rotor projecting beyond the end of the outer rotor 

35 being formed with a second motor rotor, a second 
motor stator being disposed around the cylindrical 
wall so as to be axially movable with the first motor 
stator and the movable magnetic bearing for di- 
rectly driving the second motor rotor. 

40 The movable magnetic bearing and the outer 

rotor may be toothed at portions thereof opposed 
to each other for producing an axial holding force. 

The device may be provided with a magnetic 
coupling having a drive portion for transmitting an 

45 axial holding force to the outer rotor, the drive 
portion being disposed around the cylindrical wall 
so as to be axially movable with the first motor 
stator, the second motor stator and the movable 
magnetic bearing. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view in vertical section showing a 
magnetic drive device embodying the invention; 
55 FIG. 2 is a perspective view partly broken away 
and showing a first magnetic coupling included 
in the device of FIG. 1; 

FIG. 3 is a perspective view showing the ar- 
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rangement of permanent magnets providing a 
drive portion of the first magnetic coupling of 
FIG. 2; 

FIG. 4 is a perspective view showing the ar- 
rangement of permanent magnets of a first per- 
manent magnet device included in the first mag- 
netic coupling of FIG. 2; 

FIG. 5 is a side elevation partly broken away 
and showing the main portion of a semiconduc- 
tor wafer handling apparatus incorporating the 
maignetic drive device of FIG. 1; 
FIG. 6 is a plan view of the handling apparatus 
of FIG. 5; 

FIG. 7 is a view in vertical section showing 
another magnetic drive device embodying the 
invention; 

FIG. 8 is a view in vertical section showing 
another magnetic drive device embodying the 
invention; 

FIG. 9 is a view in vertical section showing still 
another magnetic drive device embodying the 
invention; and 

FIG. 10 is a view in vertical section showing a 
magnetic coupling included in the device of FIG. 
9. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Several embodiments of the present invention 
will be described below with reference to the ac- 
companying drawings. Throughout the drawings, 
like parts are designated by like reference nu- 
merals. In the following description, the upper and 
lower sides of FIGS. 1, 5 and 7 to 9 will be referred 
to as "upper" and "lower," respectively. The direc- 
tion of rotation will be referred to as the device is 
seen from above. With respect to the direction of 
rotation, the clockwise direction will be referred to 
as "rightward," and the counterclowise direction as 
"leftward." 

FIG. 1 shows a magnetic drive device disposed 
in the atmosphere A outside a vacuum shield 1 for 
driving an outer rotor 2 and an inner rotor 3 which 
are arranged in a vacuum V inside the shield 1 . 

The shield 1 comprises an upper cylindrical 
wall 1b extending vertically downward from an 
apertured portion of a horizontal wall 1a, and a 
lower cylindrical wall 1c having a bottom and ex- 
tending vertically downward from the lower end of 
the wall 1b. The two rotors 2, 3 are arranged in the 
vacuum V within the upper and lower cylindrical 
walls 1b, 1c so as to be rotatable and vertically 
movable. 

The outer rotor 2 is in the form of a vertical 
hollow cylinder and is fitted in the cylindrical walls 
1b, 1c with a small clearance formed around the 
rotor 2 within the walls. 



The inner rotor 3 is in the form of a vertical rod 
and is inserted in the outer rotor 2 coaxially there- 
with so as to project at its upper and lower ends 
beyond the outer rotor 2. The inner rotor 3 is 

5 supported by upper and lower two bearings 4, 5 on 
the outer rotor 2 so as to be rotatable relative to 
the rotor 2 although vertically immovable relative 
thereto. The lower end of the inner rotor 3 projec- 
ting downward beyond the lower end of the outer 

io rotor 2 has a large-diameter portion 3a in the form 
of a short column and approximately equal to the 
outer rotor 2 in outside diameter. 

A fixed magnetic bearing 6 is fixed to the 
upper cylindrical wall 1b around the outer rotor 2. 

is A movable unit 8 is disposed around the lower 

cylindrical wall 1c. 

The movable unit 8 comprises a movable 
housing 9, movable magnetic bearing 7 disposed 
in the middle portion of the housing 9, drive portion 

20 (first drive portion) 11 of a first magnetic coupling 
10 disposed in the upper portion of the housing 9, 
and drive portion (second drive portion ) 13 of a 
second magnetic coupling 12 disposed in a lower 
portion of the housing 9. 

25 The fixed magnetic bearing 6 and the movable 

magnetic bearing 7 are those already known and 
comprise, for example, four electromagnets 6a, 6b, 
7a, 7b at four locations spaced apart along a cir- 
cumference for holding the outer rotor 2 chiefly 

30 radially thereof. FIG. 1 shows only two electromag- 
nets 6a, 6b (7a, 7b) of the magnetic bearing 6 (7) 
at the left and right of the drawing, and the remain- 
ing two electromagnets on the front side and rear 
side of the plane of the drawing are not shown. 

35 The housing 9 is moved vertically along the 

lower cylindrical wall 1c by unillustrated suitable 
means. 

The first and second drive portions 11, 13 are 
each in the form of a ring coaxial with the cylin- 

40 dricat wall 1c and are respectively supported by 
bearings 14, 15 and 16, 17 on the housing 9 so as 
to be rotatable about the axis. Although not shown, 
the first and second drive portions 11, 13 are 
rotatable independently of each other by a first 

45 motor and a second motor, respectively, which are 
provided in the housing 9. 

The drive portion 11 of the first magnetic cou- 
pling 10 is opposed to the outer peripheral surface 
of a lower portion of the outer rotor 2 with the lower 

so cylindrical wall 1c positioned therebetween. The 
first magnetic coupling 10 has a driven portion 
provided in the lower portion peripheral surface of 
the outer rotor 2. 

FIGS. 2 to 4 show the first magnetic coupling 

55 10 in greater detail. 

Permanent magnet devices 18a, 18b, 18c, 18d 
are provided in the opposed peripheral surfaces of 
the first drive portion 11 and the lower portion of 
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the outer rotor 2, respectively, at four portions 
equally divided circumferentialty thereof. 

The permanent magnet device 18a (18b, 18c, 
18d) comprises an upper permanent magnet 19a 
(19b, 19c, 19d) and a lower permanent magnet 20a 
(20b, 20c, 20d) which are fixed as vertically spaced 
apart in the inner peripheral surface of the first 
drive portion 1 1 and extend circumferentially there- 
of, and a left permanent magnet 21a (21b, 21c, 
21 d) and a right permanent magnet 22a (22b, 22c, 
22d) which extend vertically and are fixed in the 
outer peripheral surface of the outer rotor 2 and 
spaced apart circumferetially thereof. The upper 
and lower magnets 19a to I9d and 20a to 20d of 
the first drive portion 11 each have a magnetic pole 
at each of its right and left ends. The upper and 
lower magnets 19a (19b, 19c, 19d) and 20a (20b, 
20c, 20d) are opposite in polarity at their right 
ends, as well as at their left ends. The left and right 
magnets 21a to 21 d and 22a to 22d of the outer 
rotor 2 each have a magnetic pole at each of its 
upper and lower ends. The left and right magnets 
21a (21b, 21c, 21 d) and 22a (22b, 22c, 22d) are 
opposite in polarity at their upper ends, as well as 
at their lower ends. The upper-end magnetic pole 
of the left magnet 21a (21b, 21c, 21 d) is opposed 
to the left-end magnetic pole of the upper magnet 
19a (19b, 19c, 19d), the lower-end pole of the left 
magnet 21a (21b, 21c, 21 d) to the left-end pole of 
the lower magnet 20a (20b, 20c, 20d), the upper- 
end pole of the right magnet 22a (22b, 22c, 22d) to 
the right-end pole of the upper magnet 19a (19b, 
19c, 19d), and the lower-end pole of the right 
magnet 22a (22b, 22c, 22d) to the right-end pole of 
the lower magnet 20a (20b, 20c, 20d). The two 
magnetic poles in each opposed pair are opposite 
in polarity. The first permanent magnet device 18a 
and the third permanent magnet device 18c posi- 
tioned symmetrically therewith are the same in the 
arrangement of magnetic poles. The second per- 
manent magnet device 18b and the fourth perma- 
nent magnet device I8d positioned symmetrically 
therewith are identical in the arrangement of poles. 
Accordingly, the magnet devices 18a to 18d each 
have a closed magnetic path spreading out radially, 
axially and circumferentially of the outer rotor 2. 

More specifically, in the first and third magnet 
devices 18a, 18c, the upper mangets 19a, 19c 
have an N pole at their left ends and an S pole at 
their right ends, the lower magnets 20a, 20c have 
an S pole at their left ends and an N pole at their 
right ends, the left magnets 21a, 21c have an S 
pole at their upper ends and an N pole at their 
lower ends, and the right magnets 22a, 22c have 
an N pole at their upper ends and an S pole at 
their lower ends. Each of these devices provides a 
closed magnetic path spreading out radially, axially 
and circumferentially of the outer rotor 2 as in- 



dicated in a dot-and-dash line in FIG. 4. 

Conversely in the second and fourth magnetic 
devices 18b, 18d, the upper mangets 19b, 19d 
have an S pole at their left ends and an N pole at 

5 their right ends, the lower magnets 20b, 20d have 
an N pole at their left ends and an S pole at their 
right ends, the left magnets 21b, 21 d have an N 
pole at their upper ends and an S pole at their 
lower ends, and the right magnets 22b, 22d have 

w an S pole at their upper ends and an N pole at 
their lower ends. Each of these devices forms a 
closed magnetic path spreading out radially, axially 
and circumferentially of the outer rotor 2. 

Since the closed magnetic paths are formed by 

/5 the four permanent magnet devices 18a to 18d, 
attraction acts between the first drive portion 1 1 
and the outer rotor 2. Because these magnetic 
paths spread out radially, axially and circumferen- 
tially of the outer rotor 2, the first drive portion 11 

20 transmits a torque and an axial holding force to the 
outer rotor 2. When the first drive portion 1 1 is 
rotated, the outer rotor 2 is also rotated. When 
axially moved, the first drive portion 11 moves the 
outer rotor 2 also axially thereof. 

25 The drive portion 13 of the second magnetic 

coupling 12 is opposed to the outer peripheral 
surface of large-diameter portion 3a of the inner 
rotor 3 with the lower cylindrical wall 1c positioned 
therebetween. The second magnetic coupling 12 

30 has a driven portion provided in the peripheral 
surface of the large-diameter portion 3a. The sec- 
ond magn:_--.;c coupling 12 is known as disclosed 
for example, in Unexamined Japanese Patent Pub- 
lication SHO 56:150650. The torque of the second 

35 drive portion 13 is transmitted to the inner rotor 3. 

When the movable housing 9 moves upward or 
downward, the drive portions 11, 13 of the two 
couplings 10, 12 also move upward or downward, 
with the result that the two rotors 2, 3 are moved 

40 together upward or downward by the axial holding 
force of the first coupling 10. 

When the first motor rotates the drive portion 
11 of the first magnetic coupling 10, the torque is 
transmitted to the outer rotor 2 to rotate the outer 

45 rotor 2 independently of the inner rotor 3. Similarly, 
when the drive portion 13 of the second magnetic 
coupling 12 is rotated by the second motor, the 
torque is transmitted to the inner rotor 3, rotating 
the inner rotor 3 independently of the outer rotor 2. 

so FIGS, 5 and 6 show the main portion of an 

example of semiconductor wafer handling appara- 
tus including the magnetic drive device described. 
In this case, the outer rotor 2 projects upward 
beyond the horizontal wall 1a of the vacuum shield 

55 1 by a larger distance than in FIG. 1. The inner 
rotor 3 greatly projects upward beyond the upper 
end of the outer rotor 2. 

The outer rotor 2 of the magnetic drive device 
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projects upward beyond the upper end of the cylin- 
drical wall 1b of the vacuum shield 1 into a vacuum 
V above the horizontal wall la. A first drive pulley 

29 in the form of a cylinder is fixed to the upper 
end of the outer rotor 2 with a cylindrical housing 

28 interposed therebetween. A horizontal first arm 
31 has a base end fixed by a flange member 30 to 
the upper end of the inner rotor 3 which extends 
upward beyond the pulley 29. The flange member 

30 has a lower portion extending through the pulley 

29 to an inside upper portion of the housing 28. 
Bearings 32, 33 are provided around the lower 
portion inside the pulley 29 and the housing 28, 
rendering the outer rotor 2 and the first arm 31 
rotatable relative to each other. The first arm 31 is 
in the form of a hollow member having an open 
bottom side. The pulley 29 is covered with the 
base end of the arm. 

The first arm 31 has a boss portion 34 pro- 
vided around an opening formed in the upper wall 
of its forward end. A second drive pulley 36 is fixed 
to the top of the boss portion 34 with a cylindrical 
housing 35 interposed therebetween. A vertical 
second arm rotating shaft 39 extends through and 
is rotatably supported by the boss portion 34 of the 
first arm 31 and the housing 35, with bearings 37, 
38 provided around the shaft 39 inside the boss 
portion and the housing. The shaft 39 has a lower 
end fixedly carrying a first driven pulley 40 which is 
positioned inside the first arm 31 and under the 
boss portion 34 and which is coupled to the first 
drive pulley 29 by a first belt 41. The shaft 39 
extends upward beyond the second drive pulley 
36. A second arm 43 has a base end fixed by a 
flange member 42 to the upper end of the shaft 39. 
The second arm 43 is also in the form of a hollow 
member having an open bottom side. The second 
drive pulley 36 is covered with the arm base end. 

The second arm 43 has a boss portion 44 
provided around an opening in the upper wall of its 
forward end. A cylindrical housing 45 is fixed to the 
top of the boss portion 44. A holder rotating shaft 
48 extends through the boss portion 44 and the 
housing 45 and is rotatably supported by bearings 
46, 47 inside the boss portion and the housing. The 
shaft 48 has a lower end fixedly carrying a second 
driven pulley 49, which is positioned inside the 
second arm 43 and under the boss portion 44 and 
which is coupled to the second drive pulley 36 by 
a second belt 50. The shaft 48, extending upward 
beyond the housing 45, has a wafer holder 51 fixed 
to the upper end of the shaft. The first arm 31, the 
second arm 43 and the wafer holder 51 constitute a 
scalar robot 52. 

The diameter ratio of the first drive pulley 29 to 
the first driven pulley 40 is 2:1. The diameter ratio 
of the second drive pulley 36 to the second driven 
pulley 49 is 1:2. The axis-to-axis distance between 



the inner rotor 3 band the second arm rotating 
shaft 39 is equal to the axis-to-axis distance be- 
tween the second arm rotating shaft 39 and the 
holder rotating shaft 48. 
5 When the two rotors 2, 3 rotate together at the 

same speed in the handling apparatus, the two 
rotors 2, 3 and the holder 51 rotate together without 
changing the relative position relationship there- 
between. 

;o When the two rotors 2, 3 rotate relative to each 

other, the two arms 31, 43 rotate in directions 
opposite to each other, thereby stretching or con- 
tracting the scalar robot 52 to shift the holder 51 
radially of the rotors 2, 3. If the outer rotor 2 is at 

75 rest at this time, the holder 51 does not shift 
circumferentially of the rotors 2, 3 but moves along 
a radial line of the rotors 2, 3: Alternatively if the 
outer rotor 2 is in rotation, the holder 51 shifts also 
in the circumferential direction. In either case, the 

20 angle the holder 51 makes with a straight line 
through the axis of the two rotors 2, 3 and the axis 
of the holder rotating shaft 48 is constant at all 
times, permitting the holder 51 to move while al- 
ways remaining in a definite posture with respect to 

25 the radial direction of the rotors 2, 3. 

FIGS. 7, 8 and 9 show other magnetic devices 
which are each disposed in the atmosphere A 
outside a vacuum shield 1 for driving an outer rotor 
2 and an inner rotor 3 which are arranged in a 

30 vacuum V inside the shield 1. 

The magnetic drive device shown in FIG. 7 has 
a movable unit 60 corresponding to the movable 
unit 8 of FIG. 1 and comprising a first direct drive 
motor 61 in place of the first magnetic coupling 10 

35 of FIG. 1 and a second direct drive motor 62 in 
place of the second magnetic coupling 12 of FIG. 
1. The first motor 61 has a rotor (first motor rotor) 
61a formed in an outer peripheral portion of the 
outer rotor 2. A motor stator (first motor stator) 61b 

40 for directly driving the first motor rotor 61a is 
disposed around a lower cylindrical wall 1c. The 
second motor 62 has a motor rotor (second motor 
rotor) 62a formed in the outer periphery of a large- 
diameter portion 3a of the inner rotor 3. A motor 

45 stator (second motor stator) 62b for directly driving 
the second motor rotor 62a is disposed around the 
lower cylindrical wall 1c. The movable unit 60 fur- 
ther comprises a movable magnetic bearing 7 for 
holding the outer rotor 2 radially and axially thereof. 

50 The movable magnetic bearing 7 and the first and 
second motor stators 61b, 62b are arranged in a 
movable housing (not shown) like the movable 
housing 9 of FIG. 1. When moved upward or down- 
ward, the movable housing moves the movable 

55 magnetic bearing 7 and the two motor stators 61 b, 
62b upward or downward along the lower cylin- 
drical wall 1c. 

When the movable unit 60 moves upward or 
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downward in this case, the two rotors 2, 3 are 
moved together upward or downward by the axial 
holding force of the movable magnetic bearing 7. 
When the first motor rotor 61a is driven by the first 
motor stator 61b, the outer rotor 2 is rotated in- 
dependently of the inner rotor 3. Similarly, when 
the second motor rotor 62a is driven by the second 
motor stator 62b, the inner rotor 3 is rotated in- 
dependently of the outer rotor 2. 

The present device is the same as the device 
shown in FIG. 1 with the exception of the above 
feature. 

In the case of the magnetic drive device shown 
in FIG. 8, each of electromagnets 7a, 7b of a 
movable magnetic bearing 7 and an outer rotor 2 
are toothed at portions thereof opposed to each 
other as indicated at 65, 66, respectively. These 
toothed portions 65, 66 each have a plurality of 
teeth arranged in the axial direction and are adapt- 
ed to produce an axial holding force. The toothed 
portion 65 of each electromagnet 7a (7b) is pro- 
vided by forming a plurality of circumferential 
grooves in the inner periphery thereof, while the 
toothed portion 66 of the outer rotor 2 is provided 
by forming a plurality of annular grooves in the 
outer periphery thereof. 

With the exception of the above feature, the 
device has the same construction as the device of 
FIG. 7. 

In the. case of the magnetic drive device shown 
in FIG. 9, a movable unit 67 has a movable housing 
(not shown) which is provided with a drive portion 
69 of a magnetic coupling 68 in addition to a 
movable magnetic bearing 7 and first and second 
motor stators 61b, 62b. The magnetic coupling 68 
has a driven portion formed in the outer peripheral 
surface of an outer rotor 2 and opposed to the 
drive portion 69. The magnetic coupling drive por- 
tion 69 is mounted on the movable housing so as 
to be freely rotatable and movable upward or 
downward with the movable magnetic bearing 7 
and the motor stators 61b, 62b. 

The magnetic coupling 68 is a known one, an 
example of which is shown in FIG. 10. With refer- 
ence to FIG. 10, the drive portion 69 of the cou- 
pling 68 is in the form of a ring and comprises a 
plurality of magnetic pole members 70 arranged 
axially in its inner periphery at a spacing, and a 
plurality of permanent magnets 71 arranged be- 
tween the pole members 70. In corresponding rela- 
tion with the drive portion, the outer, rotor 2 is 
provided in its outer periphery with a plurality of 
magnetic pole members 72 arranged axially at a 
spacing, and a plurality of permanent magnets 73 
arranged between the pole members 72, whereby 
the drive portion of the coupling 68 is formed. A 
sleeve 74 is fitted around these pole members 72 
and permanent magnets 73. Each of the permanent 



magnets 71, 73 has magnetic poles at its axial 
opposite ends as illustrated. Magnetic paths are 
formed between the permanent magnets 71 and 
the magnetic pole members 70 of the drive portion 

5 69 and the permanent magnets 73 and the mag- 
netic pole members 72 of the driven portion as 
indicated by arrows in FIG. 10. By virtue of a 
magnetic attraction occurring between the drive 
portion pole members 70 and the driven portion 

w pole members 72, an axial holding force is trans- 
mitted from the drive portion 69 to the outer rotor 
2, permitting the drive portion 69 to rotate with the 
rotation of the outer rotor 2. 

When the movable unit 67 moves upward or 

;s downward in this case, the two rotors 2, 3 are 
moved together upward or downward by the com- 
bination of the axial holding force afforded by the 
movable magnetic bearing 7 and the axial holding 
force given by the magnetic coupling 68. 

20 With the exception of the feature described 

above, the present device is the same as the 
device shown in FIG. 7. 

The present invention can be embodied also as 
magnetic drive devices wherein only one rotor is 

25 driven in rotation and also axially thereof. For ex- 
ample, when the embodiment of FIG. 1 is so modi- 
fied, only one. rotor 2 is disposed in the cylindrical 
walls 1b, 1c, and the movable housing 9 is pro- 
vided only with the drive portion 1 1 of the first 

30 magnetic coupling 10 for driving the rotor 2 in 
rotation and in the axial direction. The same is true 
of the embodiments of FIGS. 7 to 9. 

Claims 

35 

1. A magnetic drive device comprising a rotor 
disposed inside a cylindrical wall so as to be 
rotatable and axially movable, a fixed magnetic 
bearing fixedly provided on the cylindrical wall 

40 for holding the rotor radially thereof, a mag- 

netic coupling having a drive portion disposed 
around the cylindrical wall so as to be rotatable 
and axially movable for transmitting a torque 
and an axial holding force to the rotor, and a 

45 movable magnetic bearing disposed around 

the cylindrical wall so as to be axially movable 
with the drive portion of the magnetic coupling 
for holding the rotor radially thereof. 

so 2. A magnetic drive device as defined in claim 1 
wherein the drive portion of the magnetic cou- 
pling and a peripheral surface of the rotor 
opposed thereto with the cylindrical wall posi- 
tioned therebetween are provided with a plural- 

55 ity of permanent magnet devices each com- 

prising opposed permanent magnets, the per- 
manent magnets of each permanent magnet 
device being so arranged as to form in the 
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permanent magnet device a closed magnetic 
path spreading out radially and axially of the 
rotor. 

A magnetic drive device as defined in claim 2 5 
wherein the permanent magnets of each per- 
manent magnet device are so arranged as to 
form in the permanent magnet device a closed 
magnetic path spreading out radially, axially 
and circumferentially of the rotor. w 

A magnetic drive device as defined in claim 1 
wherein the rotor is an outer rotor in the form 
of a cylinder, and the magnetic coupling is a 
first magnetic coupling, an inner rotor being 75 
inserted in the outer rotor so as to project at 
least at an end portion thereof beyond an end 
of the outer rotor and supported rotatably rela- 
tive to the outer rotor, a second magnetic 
coupling having a drive portion disposed ar- 20 
ound the cylindrical wall so as to be axially 
movable with the first magnetic coupling drive 
portion and the movable magnetic bearing and 
to be rotatable, the second magnetic coupling 
drive portion being operable to transmit a 25 
torque and an axial holding force to the portion 
of the inner rotor projecting beyond the end of 
the outer rotor. 

A magnetic drive device comprising a rotatable 30 
member disposed inside a cylindrical wall so 
as to be rotatable and axially movable, a fixed 
magnetic bearing fixedly provided on the cylin- 
drical wall for holding the rotatable member 
radially thereof, a motor stator disposed ar- 35 
ound the cylindrical wall so as to be axially 
movable for directly driving a motor rotor 
formed on the rotatable member, and a mov- 
able magnetic bearing disposed around the 
cylindrical wall so as to be axially movable with 40 
the motor stator for holding the rotatable mem- 
ber radially and axially thereof. 

A magnetic drive device as defined in claim 5 
wherein the rotatable member is an outer rotor 45 
in the form of a cylinder, the motor rotor being 
a first motor rotor, the motor stator being a first 
motor stator, an inner rotor being inserted in 
the outer rotor so as to project at least at an 
end portion thereof beyond an end of the outer so 
rotor and supported rotatably relative to the 
outer rotor, the portion of the inner rotor pro- 
jecting beyond the end of the outer rotor being 
formed with a second motor rotor, a second 
motor stator being disposed around the cylin- 55 
drical wall so as to be axially movable with the 
first motor stator and the movable magnetic 
bearing for directly driving the second motor 



rotor. 

7. A magnetic drive device as defined in claim 5 
wherein the movable magnetic bearing and the 
rotatable member are toothed at portions 
thereof opposed to each other for producing an 
axial holding force. 

8. A magnetic drive device as defined in claim 6 
wherein the movable magnetic bearing and the 
outer rotor are toothed at portions thereof op- 
posed to each other for producing an axial 
holding force. 

9. A magnetic drive device as defined in claim 5 
wherein a magnetic coupling has a drive por- 
tion for transmitting an axial holding force to 
the rotatable member, and the drive portion is 
disposed around the cylindrical wall so as to 
be axially movable with the motor stator and 
the movable magnetic bearing. 

10. A magnetic drive device as defined in claim 6 
wherein a magnetic coupling has a drive por- 
tion for transmitting an axial holding force to 
the outer rotor, and the drive portion is dis- 
posed around the cylindrical wall so as to be 
axially movable with the first motor stator, the 
second motor stator and the movable magnetic 
bearing. 
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FIG. 9 



V 



I ' 




3 1a 



S3 ts-l-eb 

X//. 



-62b 



16 




17 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 92 10 7653 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION ant. Q.5 ) 



A, D 



PATENT ABSTRACTS OF JAPAN 

vol. 11, no. 288 ( E-542)( 2735) 17 September 1987 
& JP-A-62 089 471 ( HITACHI ) 23 April 1987 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 11, no. 11 (E-470)(2458) 13 January 1987 
& JP-A-61 185 039 ( HITACHI ) 18 August 1986 

* abstract * 

US- A- 4 998 859 (OS HI MA ET AL. ) 

* column 1, line 21 - line 35 * 

* column 2, Hne 47 - column 3, line 24 * 

* column 3, line 67 - column 4, line 19; figures 
1,6,8 * 

EP-A-0 034 992 (ANVAR) 

* page 3, line 30 - page 4, line 26; figures 1-3 



EP-A-0 037 368 (SIEMENS) 

* page 5, Hne 10 - page 6, line 23; figures 1-3 



CH-A-469 209 (SULZER) 

* column 4, line 33 - Hne 58; figure 1 



The present search report has been orawn up for all claims 



H02K7/09 

H02K49/10 

H01L21/00 

F16C39/06 

62 S J 18/04 

B25J9/04 



5.7 



1-3 



TECHNICAL FIELDS 
SEARCHED (Int. CI. 5 ) 



5.7 



H02K 
H01L 
F16C 
B25J 



Plato ef • 

THE HAGUE 



Dal* of may! a* tea of la> Malta 

13 AUGUST 1992 



ZANICHELLI F. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant tf taken alone 

Y : particularly relevant tf combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted In the application 
L : document dted for other reasons 

A : member of the same patent family, corresponding 
document 



